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GAS  CHROMATOGRAPHY  O?  REACTIVE  INORGANIC  GASES 

By  S.  Araki,  et  al,  Dept,  of  Ind,  Chera., 
Tokyo  City  College,  Setagaya,  Tokyo 

Japan  Analyst,  Vol.  12,  1963,  pp  h,$Q-k$7 


A  complete  gla3s  apparatus  was  constructed  for  the  pur¬ 
pose  of  devising  a  gas  chromatographic  method  for  reactive 
materials.  The  efficiency  of  a  column  employing  tetra- 
fluoroethylene  powder  as  the  carrier  and  t r if luo r o chi or  ob thy- 
lene  oil  as  the  stationary  liquid  phase  was  investigated  and 
chromatograms  were  obtained  of  common  reaotive  gases  such  as 
oxides  of  nitrogen,  halogens,  and  hydrogen  halides.  — 

The  optimum  conditions  were  as  follows;  Daifloil 
No.  3/Polyfluoron  powder  30-60  mesh;  50/100  wt.  ratio;  column 
diameter  6  mm;  room  temperature.  These  conditions  were  suf¬ 
ficient  to  withstand  a  wide  variety  of  materials. 


- 1.  INTRODUCTION 


Heretofore,  investigations  In  gas  chromatography  of 
highly  reactive  compounds  have  been  in  the  development  of  non- 
oorroding  carriers  and  stationary  liquid  phases,  especially 
t-fith  the  use  of  chromatographic  columns  using,  fluorinated 
resins.  There  also  have  been  various  reports!"’)  on  the 
analysis  of  halogens  and  halogenated  materials.  The  present 
authors,  in  connection  with  the  analysis  of  factory  gases  and 
components  of  air  pollutants,  have  made  gas  chromatographic 
determinations  on  samples  containing  highly  reactive  gases  and 
have  discussed  the  equipment,  separation  columns,  and  methods 
involved.  They  have  discussed  the  following:  (1)  the  general 
conditions  for  the  use  of  fluorinated  resins  on  the  market; 

(2)  the  suitability  for  use  with  N02*J  (3)  a  supplementary 
test,  including  the  actual  problems  of  quantity  and  operating 


?hera  are  reP9r-ts  0^  separation  by  means  of  silica 
gel  silicone  greased),  0r  by  using  reaction  tubas°), 
these  were  not  used  in  this  study. 
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conditions,  for  chlorine  and  bromine;  (4-)  adaptability  of  the 
method  to  compounds  such  as  HCN,  KOI,  and  NQC1  where  details 
are  unclear  in  the  literature.  The  results  were  intended  to 
widen  the  usable  limits  of  the  various  reactive  gases  as  well 
as  to  determine  methods  which  would  stands  up  sufficiently 
under  actual  use  and  to  recognize  the  problems  arising  in 
their  use.  These  experimental  results  are  reported  herein. 

2.  EQUIPMENT 

The  gas  chromatograph  flow  system  was  constructed  en¬ 
tirely  of  hard  glass;  all  of  the  equipment  other  than  the  re¬ 
corder  and  power  source  was  home-made.  To  the  6  mm  I.D.  glass 
tube  sample  port,  a  similar  diameter  glass  tubing  approximate¬ 
ly  1  cm  long  was  attached  at  right  angles.  This  was  covered 
with  silicon  rubber.  The  entrance  port  was  connected  to  the 
chromatographic  column  with  a  glass  tubing  20  cm  long,  4-  mm 
I.D.  and  wrapped  with  glass  tape  to  maintain  the  temperature. 
This  could  also  be  heated  with  a  nichrorae  wire  when  necessary. 
The  column  was  a  unit  constructed  from  glass  tubing  6  mm  I.D. 
end  1.5  m  in  length.  Three  meters,  6  m  and  12  m  lengths  were 
also  used  by  turning  the  tubing  back  and  forth  on  itself. 

The  joint  of  idle  col  urn  was  connected  with  an  approximately 
2-em  length  of  trifluorochloroethylene  (Dalfluoron)  pipe.  In 
order  to  prevent  leaks,  the  joint  was  sealed  with  epoxy 
( Sup arc erne dyne )  resin*  In  this  manner,  there  was  no  leakage 
of  carrier  gas  even  with  a  12-meter  column.  In  changing  the 
columns,  the  seam  was  lightly  flamed  and  could  easily  be  taken 
apart. 

A  glass  enclosed  platinum  wire  (10^v)  was  used  as  a 
detector.  The  reference  and  detector  cells  were  aligned  and 
inserted  in  an  aluminum  block  of  approximately  8  cm-5  dimen¬ 
sions,  which  was  wrapped  with  glass  tape  to  maintain  the  tem¬ 
perature*  A  cell  current  of  2p0  mA  was  used.  The  chro¬ 
matographic  column  was  bundled  and  placed  in  an  approximately 
6  cm  thermostated  tubing.  The  outside  was  wrapped  with 
nichrome  wire  and  the  temperature  was  regulated  from  room  tem¬ 
perature  to  150°  C.  Furthermore,  when  oooling  was  necessary, 
only  the  column  was  placed  in  a  water  vessel  and  oooled  with 
ioe.  A  schematic  diagram  of  the  equipment  is  illustrated  In 
Pig.  I* 


®  V  ' 


<X>  Column  ©  Pt  *k*tbftrom«t«r  ©  A\  W«ek  ft  Inlet  ©  W*  l»J«t 

ft  H*  exit  ©  Daifioa  conjunction  ft  Htetom  wire  <S>  Tfecrmaatat 


The  oarrier  gas  wa3  chiefly  He.  With  the  samples  used 
in  this  research,  no  difference  was  obtained  between  Hg  or  He. 
The  samples  ware  introduced  with  a  hypodermic  syringe.  The 
sliding  part  was  used  with  or  without  trifluorochloro  ethylene 
oil.  The  needle  was  made  either  of  stainless  steel  or  a  drawn- 
out  pointed  glass  tubing.  The  needle- to-tubing  joint  was 
sealed  on  the  outside  with  epoxy  resin.  When  not  in  use,  the 
syringe  was  kept  in  a  dessicator  filled  with  silica  gel* 

3.  samples 

It  was  extremely  difficult  to  obtain  pure  gas  samples. 
However,  too  much  emphasis  on  the  preparation  of  samples 
would  not  have  been  suitable  for  a  discussion  of  chromatogra¬ 
phic  ooluransj  therefore*  several  impure  materials,  to  the 
extent  that  they  did  not  interfere  with  the  determination  of 
the  operation  or  system*  were  used  in  the  following  manners — 

NO.  In  a  nitrogen  atmosphere,  sodium  nitrite  was 
reduced  with  KI  and  dilute  HpSOi,  and  stored  In  a  glass  con¬ 
tainer  . 

NOp.  Nitrogen  dioxide  was  obtained  from  the  thermal 
decomposition  of  lead  nitrate.  It  was  passed  through  a  P20e 
tube  and  trapped  in  a  container  cooled  with  dry  ice.  The 
air  was  removed  and  the  trap  was  brought  back  to  room  tempera¬ 
ture.  For  the  slide-fitting,  trifluorochloro  ethylene  grease 
was  used.  Gas  mixtures  from  the  NO  obtained  from  pouring 
concentrated  H0SO1,  ^if-7  on  copper  was  also  used. 

Clp.  From  combs  and  stored  in  glass  container  with 
silioa  gel. 

Srp.  From  the  saturated  vapor  above  liquid  bromine. 

HC1.  Concentrated  HpSO|,  dripped  into  concentrated  HC1. 

HBr.  Concentrated  HrjS0£  dripped  onto  KBr. 


-  3  - 


N0C1.  Chlorine  and  NO  mixed  in  equivalent  amounts  and 
left  standing. 

HCN.  Concentrated  HgSOj,  dripped  onto  KCN. 

NH->.  Concentrated  NaOH  solution  dripped  into  concen¬ 
trated  ammonia  water  and  dried  by  passing  through  a  magnesium 
perchlorate  tube. 

N-sQ.  Gas  from  a  bomb  and  stored  in  a  glass  container. 

C&2.  Gas  from  a  bomb  and  stored  in  a  glues  container. 

SOp.  Concentrated  HoSC^  dripped  onto  £*2803. 

O3.  Approximately  1#  concentration  of  ozone  from  a 
generator  and  used  directly. 

U.  COLUMN  MATERIAL 

The  fluorinated  resin,  tetrafluoroethylene  powder 
(Polyfluoron)  which  is  used  as  raw  material  in  plasties,  was 
manufactured  by  the  Osaka  Kinzoku  Go.  and  tr if luorochloro ethy¬ 
lene  powder  (Daifluoron)  were  used  as  carriers.  Since  these 
materials  are  easily  oorap&ctible  soft  powders  and  differ  in 
form  from  the  usual  carriers,  even  carefully  heated  and  sin¬ 
tered  materials  were  tried.  Moreover,  although  the  material 
(Simalite)  flame  fused  at  the  Shlraazu  Manufacturing  Co.  was 
used,  it  was  difficult  to  absorb  more  than  1$  of  the  fixed 
liquid  phase  to  the  flame-granulated  material.  Thus,  this 
was  unsuitable  for  the  present  research  and  was  therefore  not 
used.  Although  the  aforementioned  material  could  not  be 
separated  to  the  exact  mesh  size,  it  was  first  separated  into 
30-60  mesh  sizes  and  used  after  eliminating  the  clumped 
scraps  and  the  extremely  minute  sizes.  Approximately  half  of 
the  materials  on  the  market  were  usable.  Although  there  is 
entirely  no  difference  in  shape  between  tetrafluoroethylene 
and  trifluorochloroethylene  powders,  the  latter  has  a  slight 
elasticity  and  in  filling  the  columns  there  was  a  feeling  of 
— lack  of  uniformity.  Furthermore,  it  was  established  that  when 
soaked  with  trifluorochloroethylene  oil,  after  &  long  period 
of  use,  there  is  a  tendency  of  the  usable  time  to  become  poor 

and  the  separating  capacity  of  the  column  to  become  ineffi¬ 
cient.  One  reason  for  this  is  thought  to  be  that  the  carrier 

becomes  saturated  with  the  fixed  liquid  phase.  For  this  rea¬ 
son,  the  former  was  utilized. 

Trifluorochloroethylene  oils  (Daifloil)  Nos.  1,  3  and 
$0,  manufactured  by  the  Osaka  Kinzoku  Co.,  were  investigated 
as  the  fixed  liquid  phase.  Although  these  have  characteris¬ 
tics  which  overlap,  there  are  still  some  variations.  Near 
room  temperature,  the  volatility  of  No.  1  is  strong j  No.  50 
is  greasy,  and  No.  3  was  suitable  for  the  aforementioned  sam¬ 
ples.  No.  3  was  fractionated  at  0.1  mm  Hg  pressure  from 
120-150°  C.  The  usable  temperature  conditions  where  these 
oils  for  the  liquid  phase  are  stable  are  presented  in  Table  1. 


Table  I  Allowable  opera!  ion  temperature 
of  liquid  phase* 


Liquid  phase 

Evaporation 
tows  (mg) 

Allowable  temp, 

u»n  (*c> 

Daifloil  No.  1 

20 

EHmMkyto.ii’stene 

Eff 

M 

Daifloil  No.  ? 

M 

60 

.OxraipnPHttHriU 

78 

70 

Daifloil  No  &0 

7 

m 

Tr!crt«;:ph«,h*l. 

2 

The  volatilities  of  these  oils  are  compared  with  other  liquid 
phases  whose  usable  limits  are  known. 

Approximately  two  ml  of  each  liquid  was  taken  in  weigh¬ 
ing  bottles  of  2.5  cm  mouth  and  3  cm  depth  and  thermally 
vaporised  under  the  same  conditions  in  a  thermostat  at  92°  C 
for  three  hours.  According  to  these  results,  Daifloil  No.  3 
indicated  almost  the  same  characteristics  as  dimethyl  sul¬ 
folane,  and  can  be  considered  the  best  for  use  at  room  tem¬ 
perature  . 

With  respect  to  the  carrier,  the  liquid  phase  could 
uniformly  coat  up  to  30  wt  %  (i.e.,  liquld/c&rrier  at  f>0/lG0 
weight  ratio).  Experimentally,  the  best  was  30#. 

When  the  diameter  of  the  column  was  changed,  partial 
coagulation  occurred  with  I4.  mm  I.D.  and  the  flow  of  the  car¬ 
rier  gas  became  difficult.  Thus,  it  was  necessary  to  have 
chromatographic  columns  slightly  larger  than  normal.  With 
6  mm  I.D.  these  inconveniences  did  not  arise  and  a  length  up 
to  12  m  was  used  without  any  speolal  differences  when  compared 
to  ordinary  gas  chromatography.  Furthermore,  it  could  be  used 
for  a  long  period  of  time. 

Next,  the  degree  of  polarity,  a  char ac ter iatioof  the 
liquid  phase,  was  determined.  Following  Hohrschneider* s  sug¬ 
gestion'  ' ,  the  result  of  the  determination  of  the  relative 
positions  of  the  peaks  of  n-butane  and  1,3  butadiene  were  as 
follows:  With  a  column  length  of  12  m  and  at  19°  0,  butane 
appeared  at  16.7  cm  and  1,3  butadiene  at  17.5  cm  (chart  speed 
1  cra/min)  when  measured  from  air  and  the  polarity  was  log  1.05 
0.02.  According  to  thi3,  the  filler  belongs  to  che  group 
those  polarity  is  relatively  small,  resembling  the  unsaturated 
hydrocarbons  (for  example,  liquid  paraffin,  triisobutylene). 
She  chromatograms  of  hydrocarbons  are  illustrated  in  Fig.  2. 

Furthermore,  with  respect  to  the  separation,  then  the 
theoretioal  plates  were  determined  using  n-butane,  it  was 
found  to  be  inferior  to  ordinary  separation  columns.  The  ex¬ 
perimental  values  are  oompared  in  Table  II. 

This  inferiority  can  be  attributed  to  such  things  as 
non-uniformity  of  the  oarrier  and  the  column  diameters. 
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F if.  3  Ga*  chromatogram  of  hydrocarbons 

I •Column  i  Dai&oU  N»-  %  tlli/Chrorno»orbr _ 

- - Sro;  'TVid5>. ^  3U*C;  Carrier  g*»i  Hj,  0OmJ/mtn 

II— t  Dnt&oil  N«w  I  U>  ft/Cferomcserto, 
3m;  Temp- ;  130*Cj  Carrier  imiHs  50m// 
mitt 

d>  Air  $  JStbnna+Sthyleae 

<$  Pn^tpropr^M  i- Butane 

<£  M-Butaoc  $  8«1«bm  $ 

S  »*»««*+ ®  Totem 
9  XytoiMt 


Table  X!  Theoretical  pinto  number  of  Jt-buUn* 


Column 

T.  P.  K 

Dai«»a  No.  3/Chrc>  rooter*  ’*•'  •* 

1100 

Ool«ril  Ne.  VPoJiSoo 

m 

.-HtwKiwaM/ClMwoowb 

im 

ff»H*xod«e*&a/¥9iia0n 

1 09 

Lm»td  ttvtyt.  6m.  T*«*p  »*C,  Canter  go*  He  MatJ/mU 


Improving  the  separation  efficiency  under  the  conditions  of 
its  use  was  difficult  to  achieve.  Besides  this,  when  totra- 
fluoroethylene  powder  used  as  carrier  absorbed  propane  at  low 
temperatures  and  expelled  it  at  room  temperature,  when  com¬ 
pared  to  C-22,  its  desorption  is  delayed  and  even  at  room 
temperature  there  is  some  absorption . 

5.  EXPERIMENTAL  RESULTS 

The  experimental  results  for  separation  of  all  samples 
in  a  oolumn  using  Daifloil  No.  3  and  Polyflon  powder  in  a 
50/100  wt  ratio  are  presented  below. 

The  Nitrogen  Oxides 

NO.  Used  together  with  air  or  nitrogen.  There  was 
slight  tailing  of  the  NO  peak  when  compared  to  the  air  peak. 
At  lower  temperatures  (10°  C)  it  was  found  on  many  occasions 
that  the  apex  of  the  peak  divided  into  two  and  thus  the 
separation  1  s  possible#  However*  with  columns  up  to  12  a  the 
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separation  was  not  definite, 

NjO.  A  sharp  peak  after  the  COg  peak  was  obtained. 

Both  were  completely  separated  and  each  could  be  satisfactorily 
determined  quantitatively.  In  general,  vapor-liquid  gas  chro¬ 
matography,  the  separation  of  NpQ  and  Cup  is  difficult  and  in 
quantitative  analysis,  silica  gel  is  used.  Thus  this  charac¬ 
teristic  of  fluorinated  resins  is  thought  to  be  an  advantage. 

Nw^.  Nitrogen  dioxide  appears  after  N£0;  however,  it. 
displays  an  unusual  front- tailing  peak.  This  peak  begins  to 
emerge  in  a  sectxon  of  the  previous  ft^O.  irven  with  Daifloil 
No.  1  there  was  no  difference  in  the  appearance.  With  in¬ 
creasing  temperature  of  the  column,  the  peak  sharpened  and 
when  increased  to  50®  C,  its  area  could  be  measured  fairly 
accurately.  The  tendenoy  of  the  peak  to  improve  following 
the  change  of  temperature  can  be  thought  to  indicate  &  lower 
column  temperature  with  respect  to  the  boiling  point  of  NOg. 
However,  raising  the  temperature  ia  undesirable  for  separating 
other  components  such  as  N^O.  Furthermore,  the  characteristic 
of  the  NOg  peak  is  such  that  according  to  the  conditions,  un¬ 
usual  changes  in  3hape  occur.  This  unusual  tendency  arises  as 
follows:  (1)  when  the  sample  is  large;  (2)  when  analysis  is 
made  after  other  samples  have  been  passed  through.  In  these 
situations  it  was  determined  that  the  effect  of  temperature 
change  was  great*  It  is  thought  that  the  residues  of  other 
components  in  the  column  were  the  cause.  The  possibility  of 
Quantitative  analysis  resulted  from  re-cycling  the  NOg  sample 
(air,  NO  and  NoO  gaseous  mixtures).  The  chromatograms  ex¬ 
perimentally  obtained  are  illustrated  in  Fig.  3  and  If. 


Pig.  3  Gas  chromatogram  of  oxides  of  nitro¬ 
gen  and  carbon  dioxide 
I :  «*C  II  t  fS*C 

®  Air + HQ  «  COi  «  NiO  ®  HO. 
Carrier  |M  t  Ha  SOmi/sfn 


In  the  analysis  of  NO2  it  was  necessary  to  carefully 
store  and  insert  the  NO^  sample.  In  storage,  the  solution 
was  to  U3e  Daifloil  No.  50  grease  on  the  stopcock  of  the 
flask.  However,  storage  of  dilute  samples  over  long  periods 
was  difficult.  The  sample  collection  occurred  after  passing 
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_  .  .  _  ..  _  Fis*  4  PIllQftton  Of  nitrogen  Jioxici ft  peak 

Showing  •ample  ameuat  0.1— 

2  ml  (St  Alt  0  HtO  ®  NOi 

through  the  silicone  rubber,  but  it  was  necessary  to  isolate 
this  section,  other  than  during  collecting,  from  the  main  part 
of  the  NOo  filled  flask  by  means  of  th*  stopcock.  Unless  this 
was  done  the  silicone  rubber  became  tacky  after  two  or  three 
days  and  could  not  be  used.  In  the  expel* iment  to  determine 
N02  quantitatively,  it  was  found  that  the  cause  of  the  re¬ 
appearance  of  the  peak  was  the  syringe  itself.  Without  grease 
and  using  a  glass  needle,  it  was  possible  to  obtain  relatively 
good  results.  2he  results  are  illustrated  in  Pig.  5* 


Fig.  5  Calibration  curve  of  NO| 

Tamp. :  23*C  Cwrtff  |M  *  Ks. 


Moreover,  it  was  determined  that  there  occurred  a  shift 
in  the  position  of  the  peak  depending  upon  a  change  in  sample 
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size.  This  is  also  illustrated  in  Pig.  ij.,  a  similar  tendency 
was  observed  when  the  sample  or  column  contained  moisture. 

The  effect  of  temperature  on  the  shift  of  the  peak  is  even 
more  unusual  than  that  caused  by  other  components.  Por  exam¬ 
ple,  at  lower  temperatures  it  emerges  after  the  chlorine  peak, 
but  at  higher  temperatures  it  appears  before  this  peak  while 
the  largest  distortion  occurred  at  50°  C. 

The  relative  retention  times  of  all  samples,  the  theo¬ 
retical  plate  number,  and  relative  sensitivities  are  given  in 
Table  IV.  (The  results  obtained  for  the  following  samples  are 
also  presented.) 


Table  IV  Experimental  data  on  some  reactive 
gaaes 


Compound 

Relative  retention 
time  (tlr*  1) 

Theoretical 
plftte  number 
Uir»  1$00) 
(20*0 

Relative 
peak  area 
carrier  *aa 
He(vir-l) 

(»“C) 

ao*C) 

NO 

1.00 

HCl 

1.2ST 

1.15 

iZM 

1.04 

CO, 

\r 

1250 

1.52 

N,0 

J.*n 

1300 

1.25 

H,S 

1.37 

1200 

1.13 

HSr 

l.snt 

1.30 

1300 

WO* 

1.56 

1090 

<  1.66 

so, 

2.2J 

770 

1.67 

Cl, 

2.56 

l.tt 

ew> 

1.75 

NOCI 

3-12 

530 

NO, 

3.78T 

1.60 

430t 

1.7V. 

»f, 

5.00 

won 

t 

NK, 

J-30T 

t 

Ethane 

1.25 

Propane 

2-CJ 

660 

Butane 

4.49 

570 

t  Varying  with  water,  sample  amount  etc.  tt  ?0*C 


Halogens.  Although  the  application  of  fluorinatad 
resins  to  chlorine  and  bromine  has  been  reported  previously, 
from  the  supplementary  experiments  and  even  from  our  column, 
good  separation  and  sharp  peaks  were  obtained.  Thu3  the 
suitability  to  the  analysis  of  the3e  samples  was  determined. 
The  results  of  quantitative  analyses  obtained  from  varying 
the  amount  of  the  same  sample  are  shown  in  Table  III. 


Table  111  Quantitativlty  of  Cl,  analysis 


Sample  amountCm/} 

Cl,  S-eak  area(nsm*> 

CI,CtoI«> 

1.0 

1360 

21.03 

0.5 

1111.5 

21.55 

0.0 

007.3 

•  21.47 

4.4 

541.5 

22.53 

0.3 

*85 

.  22.51 

0.1 

1434 

«.» 
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The  column  was  6  m  and  the  temperature  was  15°  C.  The 
percentage  of  chlorine  was  obtained  from  the  peak  areas.  When 
using  the  hypodermic  syringe  a  certain  amount  of  error  was  un¬ 
avoidable.  Prom  these  results,  it  is  thought  that  there  is 
sufficient  quantitative  character  for  actual  use. 

It  was  found  that  on  the  repeated  -ntrodustion  of  a 
fixed  quantity  of  the  sample,  the  peak  areas  became  larger. 
With  chlorine,  an  approach  to  a  fixed  value  was  seen.  This  is 
illustrated  in  Pig.  6. 


Time*  oi  ample  Injection 


Fig.  6  Variation  of  Cl,  peak  area 

Temp.  :  30*C  C«rt«  pt :  H»,  « 


With  bromine,  this  tendency  again  was  unusual.  It  was 
found  that  on  repeated  sample  introduction  and  whan  a  slight 
pause  was  made  before  introduction,  the  peak  areas  differed. 
For  example,  with  the  same  sample,  at  an  injection  time  of 
eight  minutes  the  area  was  12.7  c tor  and  at  20  minutes,  9,83 
cm2.  In  quantitative  determinations  there  is  a  necessity  to 
consider  this  tendency  from  the  standpoint  of  handling  stand¬ 
ard  samples  and  the  effect  of  mixture  components.  Again, 
especially  in  cases  where  the  analysis  of  bromine  is  the 
primary  pin-pose.  It  i3  desirable  to  use  higher  temperatures 
with  highly  overlapping  liquid  phases. 

N0C1.  A  symmetrical  peak  following  chlorine  was  ob¬ 
tained  for  N0C1.  Moreover,  when  successive  determinations  of 
nitrogen  oxides  and  chlorine  are  made,  this  peak  appears  and 
the  chromatogram  changes. 

Hydrogen  halides.  Both  HC1  and  HBr  emerge  before  Clg 
and  Br^.  HC1  appear  simultaneously  with  C£  hydrocarbon  and 
C Og.  These  peaks  exhibited  some  tailing  and  in  the  presence 


of  much  moisture  the  tailing  became  severe  making  the  analysis 
of  small  samples  difficult.  Furthermore,  in  this  situation 
the  retention  volume  becomes  large  and  the  change  in  retention 
volume  with  changes  in  sample  size  is  unusual.  These  results 
are  shown  in  Fig.  7. 


Si»hi!i  .mdu&t 

Fig.  7  Calibration  -  rva  of  HCl 

T.mp. :  15*C  Carrier  gu :  He,  t»  ml/mlm 


At  15°  C  in  the  presence  of  moisture,  a  chromatogram 
for  complete  separation  of  C02  was  obtained. 

The  above  chromatogram  is  shown  in  Fig.  8. 


position  of  the  peak  was  between  HBr  /eio7  and  30* 

Srxsss*  th° paak  “ifc  ~ 

Fig*  9  is  a  typical  chromatogram  for  the  sample  above. 


fig,  0  Typical  g*»  chromatogram  of  tested 
gases 

Column  1 4m  T»mp,  i  SO»C 

Carrier  |UI  Ht.  «amf/mis  <33  Alt  ®  CO. 

®  KtS  $  HCtf  s  tOi  <3>  □, 

®  Noa 


--ioSSK  5SgJ  fSf 

f1”?11  3amPlea  was  difficult.  ihmtherSore  6 
analysis  could  not  be  made  when  the  order  was  reversed^ith 

£*£*££.;£ iyto  thIS  *— •  «  ““  “•« «T  £%£?». 

ohron.t^?Ma“bpigU51°“'',e  18  to  »*•  10  and  . 


-» - its - h - sly 

8siti)d«  amount,  as/ 


Fig.  11  Gas  chromatogram  of  NH» 

Tsmp, :  «*C  Cantor  gn  >  Ht,  «  m/Zmla 
®  Air  ®  ttHi  «  Wafer 


Fig.  10  Calibration  currs  of  NH, 

Tamp.: arc  Cantor  «aai  H>.  VxJ/ml* 


V 


PRELIMINARY  RESULTS  OF  SEED  SELECTION  IN 
THE  QUANG  NINH  AREA 

-  North  Vietnam  - 


[Following  is  a  translation  of  an  article  by 
Mai  Van  Dong,  Bureau  of  Agriculture,  Quang: 

Ninh,  in  the  Vietnamese-language  periodical 
Khoa  Hoc  Ky  Thuat  Nong  Nghiep  (Agricultural 
ScTencea  &  Technology )T'Ha"noT ,  October  1964, 
pp  592-594,] 
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vMahy  species  of  rice  can  be  found  in  the  northern 
sector  of  Quang  Ninh.  Excellent  species  are  developing  rap¬ 
idly  but  many  bad  species  still  exist.  Many  species  have 
been  cultivated  for  many  years  but  due  to  lack  of  care  and 
selection  some  of  them  are  undergoing  mixing  and  regression. 

Investigation  in  some  cooperatives  (at  Dam  Ha)  ha® 
shown  the  large  extent  of  mixing  in  some  rice  species  (Table  I) 


Table  I 

Investigation  at  Dam  Ha 


®  H?p  Uc  xl 

y^$QiSng  I4t 

If  1A  tin 

i  , 

1  B4e*ien 

PChUm  trAn| 

®La.i  mi*  i 

SO 

NgAivkAnffltSng  . 

16 

Chift*eh!-ehepo 

13 

YAn*d(oh 

Chi  Am  tr4n| 

18 

Ylft’hin 

ChiAra  trlng 

13 

Dgp'lAi*chiw  (tht  »A*} 

IS 

[Legend]:  1)  Cooperative;  2)  Rice  species; 
3)  percent  component;  4)  white  "chiem";  5) 
Main  Crop;  6)  Dop  Tai  Chim  (main  crop). 


The  increasingly  poor  seeds  have  given  unstable  yields 
(Table  2). 

Table  2 

_ Rice  Yields  (piculs/ha)  at  Tien  Yen - 


©  T4n  xt 

1950 

1900 

1001 

1963 

DiiitfngQ 

30 

19 

13 

14 

34 

33 

18 

19 

Y*n*thm 

18 

10 

IS 

16 

« 

[Legend]:  1)  Villages. 

‘h,  ' 

TmMr,  it  is  important  to  select  excellent  seeds  that 
will  give  highland  stable  yields.  (  ) 

'\  '  t 

I.  COMPARISON  OF  SEEDS 

Rice  yields  have  been  observed  through  a  number  of 
crops  at  the  Ka  Col  and  Doan  Tinh  [work]  camps  and  some  co¬ 
operatives.  Results  are,  as  follows: 

1.  Spring  "chiem"  rice.  Comparison  of  yields  for 
spring  crops  over  several  years  (sown  10  March,  planted  17 
April)  Indicate  that  "Nam  Ninh"  rice  has  been  the  most  prom¬ 
ising  species,  that  its  yield  is  almost  stable  and  is  higher 
than  that  of  white  "chiem"  (Pac  Pha) .  (Table  3) 

The  duration  of  growth  of  "Nam  Ninh"  is  five  to  seven 
days  shorter  than  that  of  white  "chiem"  which  is  an  important 
factor  in  labor  scheduling,  "Nam  Ninh"  plants  are  tougher 
and  develop  faster  than  white  "chiem".  The  "Nong  Nghiep"  I 
seeds  of  "Nam  Ninh"  give  strong  stems,  big  ears,  numerous 
grains  but  are  susoeptible  to  "dao  on"  and"tiem  lua"  diseases. 
Further  study  in  this  area  is  needed, 

According  to  current  data,  "Nam  Ninh"  rice  should  be 
readily  adaptable  to  local  conditions.  Xt  is  being  cultivated 
by  many  cooperatives  and  occupies  70-80  per  cent  of  the  area 
i 


Table  3 


_  a 

Q 

Tliit  gi#n 
tinh 

Niiig  tuft  (tf/h») 

Tin  jiSnj 

truing 
{«<5  nfjAy) 

1961 

1962 

1963 

Nain-miJi 

Pi  dng  nghifn  I 
Chiim  im 

110-115 

103 

115-120 

20 

10,S 

19,0 

27.3 

27,0 

26,0 

21,25 

21,25 

637* 

[Legend]:  1)  Species;  2)  Duration  of 

Growth  (Days);  3)  Yield  (Piculs/ha). 

*  In  1963,  blossoms  fell  prematurely 

| 

2.  Main-crop  rice.  In  addition  to  species  existing 
locally,  some  species  have  been  imported  from  China  and  from 
the  delta  regions  in  recent  years.  These  species  are  tenta¬ 
tively  classified  into  three  groups: 

-  Local  species:  "loong  xay  chien,"  "tan  thuy  lien,*' 
"dop  tai  chim,"  "dai  hong  coc." 

\ 

-  Species  brought  from  the  delta  region:  "quyet  tam" 
813,  "di  huong,"  "tam  thorn." 

-  Species  imported  from  Dong  Hung  (China)  ;  "tan  tay 
duong,"  "chuc  tuy,"  "moc  toan,"  "chung  thu,"  "ke  nam  ai," 

"fhap  thach  kiem,"  "dong  thu  bo,"  unknown  No.  1,  unknown  No.  2. 


Yields  are  summarized  in  Table  4, 

Investigations  have  led  to  the  following  conclusions: 

-  Among  local  species,  "loong  xay  chim"  and  "tan  thuy 
tien"  gave  the  highest  and  most  consistent  yields.  "Loong 
xay  chim"  is  tasty,  and  it  has  been  cultivated  in  this  area 
for  a  long  time.  However,  it  has  become  mixed  and  n  eds  to 
be  selected.  "Tan  thuy  lien"  seeds  produce  tall  and "strong 
plants  with  large  grains.  The  unhulled  grains  are  red,  and 
they  are  low  quality  grains.  This  species,  however,  can  with¬ 
stand  alkalinity  and  resist  diseases. 

-  Of  the  species  imported  from  the  delta,  "di  huong" 
produces  uniform  ears.  Its  short  plants  are  not  likely  to 
collapse,  "Tam  thorn"  and  "quyet  tam"  813  are  not  adaptable. 
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-  In  the  imported  group,  "tan  tay  duong"  has  been 
cultivated  for  a  relatively  long  time.  It  is  readily  adapta¬ 
ble  to  local  conditions,  and  it  is  becoming  increasingly  pop¬ 
ular.  A  shortcoming  of  the  "tan  tay  duong"  is  its  tendency 
to  collapse  and  to  shed  its  grains.  Selection  is  needed. 

At  present,  "tan  tay  duong"  represents  a  large  portion  of 
"ice  grown  in  rice-rich  huyen  such  as  Dam  Ha,  Ha  Col  and 
.dong  Cal. 


Table  4 


G>  Tin  giing 

sinh 

truing 
(»i  n|?Ay) 

1901 

1902 

1983 

Coing-jtfly-eliim 

135 "1 40 

21 

30,00 

23 

Tin*th0y.|iin 

150 

39,3 

39,20 

22,6 

.  D^p-ui-chlm  , 

135 

20,0 

D»i‘hSng-cAr 

21,70 

QuyAt-Um  81? 

165-170 

;m,o 

20,5* 

Di  htnrng 

150 

30.0 

17,0 

Tim  thorn  ' 

too 

26,0 

Tin-tiy-dirong 

152 

30,0 

26,8  . 

Mie-lein 

155 

44,0 

27,0 

Chiie-luy 

155 

37,0 

7,5 

ChOng-lhu 

157 

40,0 

27,0 

DAng-thti-hA 

159 

18,6 

$V«  <Unh  a«  2 

159 

28,43 

[Legend]:  1)  Species;  2)  Duration  of 

Growth  (days);  3)  Yield  (piculs/ha);  4) _ 

Unknown  No.  2. 

+  Xn  1863,  the  ears  came  late  due  to  diseases 


II.  SEED  SELECTION 

In  1963,  various  [work]  camps  and  cooperatives  car¬ 
ried  out.  seed  selection  on  the  basis  of  observations  made 
by  the  seed  union,  Seeds  were  selected  from  fields  which 
had  received  extensive  care  and  high  yield  (Table  5), 


Table  5 


Data  from  Some  Cooperatives  in  Dam  Ha  on  Fields 
Chosen  from  Seed  Selection 


j 

©  Cing  vije 

©  Hvp  lie  xi  like-ion 

tie  xi  Yin-djnh 

I 

1 

©Ruins'  giing 

inn  xu£t 

Ruing  giing 

Ruing  »irt  suit 

QCky 

®  B0r« 

• _ o  Ban  lit/i  U 

®  Bin  thde/1  U  \ 

■  ©  Litn  si 

3  lw* 
rff)3  luvt 

20  ginli  plian - 

@  eliding 

+ Vi  ginh  lift 

40  kg  P 

SB  kgN+3kgP 

4-  3  ginh  phin 
chuing 

2  luert 

2  1UQ>1 

2  lupl 

10  ginh  phin - ; 

Chuing 
+  15  gink  dii 
+  15  kg  P/i  Ik  (g 
3  ginh  phio  <Q 
chuing  .  - 

1  luvl 

! 

3  !u?i 

3  luert 

11 
N  (M 

ginlrphiu 
chuing 
+  10  gink  4(t 
20kg  P.vii-f 10kg  N| 
6  ginh  phis  1 

chuing  4. 2,6kg  N 

1  Itlft 

6  ginh  phtn  j 

Chuing 
+  35  ginb  ill 

3H-  3  kg  xio  mSw 
pfegN 

1  lw?t 

©Ning  »u<t  (l»/h») 

35 

23 

35 

31 

[Legend]:  1)  Operation;  2)  Bac  Son  Coop¬ 
erative;  3)  Yen  Dinh  Cooperative;  4)  Selec¬ 
tion  Field;  5)  Production  Field;  6)  Plow¬ 
ing;  7)  Harrowing;  8)  First  fertilization. 
lLa;  9)  Additional  Fertilizing  1  La;  10) 
Weeding;  11)  Yield  (piculs/ha);  12)  20 

shoulder-loads  manure;  13)  +40  shoulder¬ 
loads  soil;  14)  +40  kg.  phosphate;  15)  3 

kg  Nitrate  +  3  kg  phosphate;  16)  20  kg  phos¬ 
phate  lime  +  10  kg  nitrate;  17)  6  shoulder- 

- loads  manure;  2.5  kg  nitrate;  18)  +  3  kg 

fish  residue;  19)  3  kg  nitrate. 


-  The  number  of  stalks  per  clump  in  the  "Nam  Ninh" 
species  are  given  in  Table  6  for  seed  selection  fields  and 
production  fields. 

Where  single  stalks  were  planted  for  the  purpose  of 
seed  selection,  the  growth  was  more  vigorous,  the  number  of 
grains  per  ear  was  double  its  counterpart  in  production  fields 
where  multiple  stalks  were  planted,  Most  cases  of  single 
stalk  planting  occurred  during  the  main-crop  season  in  1963, 

-  For  single  stalks,  the  number  of  ears  per  clump,  the 
number  of  grains  per  ear  were  larger  than  in  the  case  of  mul¬ 
tiple-stalk  planting  for  production.  And  the  proportion  of 
empty  grains  was  significantly  lower. 
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Efforts  in  seed  selection  from  1962  to  1963  in  the 
northern  sector  of  Quang  Ninh  provided  many  fields  for 
single-stalk  planting  and  large  quantities  of  seeds  for 
production  during  subsequent  years  in  various  cooperatives 


Table  6 


[Legend]:  1)  Unit;  2)  Number  of  stalks; 
3)  Number  of  shoots  per  clump;  4)  Number 
of  grains  per  ear;  5)  maximum;  6)  mini¬ 
mum;  7)  Multiple  stalks. 


.  [Legend];  1)  Average;  2)  White  "chiem"; 

3)  multiple  stalks;  4)  single  stalk;  5) 
ears  per  clump;  6)  grains  per  ear;  7)  hol¬ 
low  grains  (%). 


